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^ © Photocatalyst composite and process for producing the same. 



Furthermore, a process for pSS^ cSst'^", ST *** V !* m °' Cement 
photocatalyst composite are provided pnotoca ^ st «"»pos.te and a coahng composition containing the 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

DESCRIPTION OF RELATED ART 

decomposition, onto a SSL S^' te m parage o^Tcl^T^^ T 9 * M 
SUMMARY OF THE INVENTION 

-^^^^ a Substra ,e 

corner ^ °' ^ Pr8Sem inVenti0n iS ,0 Pr ° Vide 3 pr0Cess fo ' P«*-ng the photocalalys, 
co^sT* 0bj6Ct °' ** PreSen * inVen,,0n iS t0 Pf0vide 3 coati "9 C -P°^0" u*ng the photocauUyst 
BRIEF DESCRIPTION OF THE DRAWING 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



45 



50 



55 



Phot^t^ » achie. n g a firm adhesion of 

s ^^^^nc^o,^^^^^^^ P*"* * «™ without damaging the 

of the di S covery that („ when%hotoca£ys« ESSES J?» ""T* ° n baSiS 
Photocatalytic function of the photocatalyst oarticles onto a substrate with an adhesive, the 

the photocatalyst particles to Release TKfSS^TT OTd d f' eriorate th ^^ive causing 
adhesive allows adhesion of the pholoca3l«L^Jl * ' ** US6 °' 3 ,ess ^dative 
» the particles therefrom and unprScSy £ oTth* ^ ^ CaUSi " 9 *• re,ease of 

Photocatalytic function. (2) the photocSd llfctoSl Lt P TT ' nventi0n to exhibi « sM <« 
Photocatalytic function of the m,SX£SSSL clSLS * V Witfl0Ut ,owerin 9 ,ha 

particles is in the range of 5 to 98 % toed S »1? T .H™ ^ amount °' *° Photocatalyst 
degradative adhesive (3) the use of oSr Li! T °' 1,18 photocata| y* particles and the less 

»5 polymers or inorganic SSUTL JSZ^Tl SUCh 33 flU0rinated P**""" and silicone based 
degradation of the adhesive* Z£ T^ZTZTZr '"TJ" da ™"Pos«ion and 

Photocatalyst particles can be firmly v&STTZXT" ?° pMoata ^ Proles so that the 
comprising primarily a copofymeHS vSerfand 7 PaM * 3 f,u0rin3ted Po'^rs 

preferred photocaJyst particles are SSTLl I ! T*"* and n »°™ l «™ are preferred. (4) 
- chemical stability and no' V&Z^»T^*JLS* ^ 3 " h 

applicable to rendering relatively easily the surfaL T 9 pho,ocata| yst particles, which is 

the photocatalytic function to Z^Z^ol^T"* Ph0,0C3,3, * ic 3nd -** enables 
Photocatalyst particles and a less deoLafilT^L a PP" a "ces. comprises the steps of disposing 

preferably convenient and easy SSsT « m Z TJ TT* * 8B ^ th * «*»*• 35 a 
« photocatalyst particles and a less oe^da'tivT aZIeTv ^L^"'** ^ °' disposin 9 

containing the photocatalyst particles, !iT2hL£ «T. ° * SPrayi " 9 3 C03,in 9 "-"Position 
various products and then fixing the adhesivT " ' ° n *" SUrf3CeS of 3 subs,rate s «oh as 

30 photocatalytic function of the particles d9d Pen0d 0f ,ime without 'osing the 

degradative adhesive" refers to ar .adhesive hJnl , P eS9nt ,nventi o n . »» term "less 

Photocatalytic function pJ^S^S^^^^ m °' deco ^«on due to the 
% or less, more preferably 3 % o/.ess. SS^EfiT? or Z'T* * J % W ^ 5 
adhesive in the photocatalyst composite as ZSwZft , L Z^?*T? " * ™ m ' 0SS °' the 
weight loss higher than 10 % indicates • V m * hod descnbed in »>e Example below. A 
with a great inount the fSSSSSSi Z!™ f^™* 0 **™ °r degradation of L adhesive 
used in the present i^tS^£^£SL!!SSi T adhesives to 03 

water glass, colloidal silica. polyorgaTs S. ^^I^T." ^ ^ poun * • uch " 
aluminum phosphate and the b&ioSZ^JlL^L phosphates such « *« phosphate. 
Plasters, organic adhesives ***E5^J^£Z T^' en3mel ,rits ' 9 ,ass »*»Q 9to.. 
adhesives may be used in -mbinatio^ *• ■* « »~ 

polymers and silicone based polymers are orZZl JZ L 2? Y ° r9an ' C 3dhesives - ""orinated 
include, for example. Portlaw TcLel sucKT^w ^ °" Str9n ° th - The cemem t0 to used 

heat cement. suKate-resisting cSSZZ ^mTSS Cement modarata 

cement such as fly-ash cement, sut eds^ S«mTm 2 bLT, 9e0th9rma, W9 " C9ment - Wended 
and the like. The plaster to be used includes Z s^Z ™ blast , furnaco cemen «- ^""^inous cement 
and the like. The fluorinated polymers teSiSjSTl , ^ P,33,9r ' do,omite 

polyvinyl fluorides, polyvinylidene ^uoridL ^225 '° r 3X fl 3mp,e - cr y stal,i " a """'nated resins such as 
tetrafluoroethylene-heXroP^pytenTSooiv^^^ tnfluorochlorides. polyethylene tetrafluorides. 
ylene^thylene trifluorochloride ^X^^ro^^^T C ° P0, ^ efs - ath " 

Phous fluorinated resins such as MrttuoLwT ™ V lene -P erf,u o r oalkylvin y i ether copolymers, amor- 
fluoroolefin copolymers varlrfl'uolt^e L^^^^^^^^ COpo1 ^. viny.ester- 

comprising primarily vinylemeXTZ^^ TV'** PMrt * flu0rin3,ed »>*™'s 

because they are susceptible toSTESSZ? ^3 vinylester-fluoroolefin copolymers ar preferred 
based polym rs to be used indud^ine^sXne d "f 3b0n r 3nd **** l ° "^d'o- The silicone 

elastomers and the like 9 r9S,nS • ^'""'od.fied silicone resins, various silicone 
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k Tft i ". th PreS6nt invention - 1,16 term "Photocatalyst particles" refers to those capable of exhibitina 

T^?£ZlTTV nadm ° n "* 3 Mn haVi " 9 3 Wave,e ^ correspondingTnonet Ta? 
the band gap energy. The photocatalyst particles to be used include one or a combination of two or mora* 
known metal compound semiconductors such as titanium oxide. zinc oxide, tungsten «*idViranTd? 
strontium btenate. and the like. Particularly titanium oxide which has a high photonic Tm ion a hfoh 

£E2* y "2 "° T ^ iS Pre,erred additi ° n ' 1 iS Pr0,0rred to induda -sS^iXtto'catS 
particles and/or on the surfaces thereof at least one metal and/or a compound thereof selected from the 

STIST oh" 9 , °' t V 'J e ' ?" Zn ' RU ' Rh " "* ^' « ^d Au as a second compSStSuse of 

. III STT 0 fU "? 0n °' th6 feSUltin9 P hotocata) y^ P^'cles. The aforementioned metal 
even m«S th ^ ^ W™***- °xyhydroxides. sulfates, halides. nitrates, and 

even metal ions. The content of the second component may vary depending upon the kind thereof 
Preferred photocata.yst particles which may contain the aforementioned metals and^or metaJ »mpZ 
are of titanium ox.de. The content of photocataJyst particles is preferably in the range of 5 to 98 % by 

content 2? °h f !T ^ °' *• P hotocatel V s ' P^les and the less degradative adhesive The 
content of the photocatalyst particles less than the above defined range tends undesirably to result in a 

ZZZHZS T-V? 01 r6SUltin9 "•"«-"*«. that higher than me^ve Ined 

rKS^I? T" 3 f6dUCti0n in adh8Si ° n Strenflth - ^ C9 ™" te * 9VP^ are used 
as less degradative adhesives. the content of the photocatalyst particles should be preferably from 5 to 40 

cemTnr an P H y ^ 5 *. 25 % " " he " °' inorganic adhesives other than the 

cement and gypsum are used as less degradative adhesives. the content of the photocatalyst pric es 
should be preferably from 20 to 98 %. more preferably 50 to 98 % and most preferably 70 to 98 % 

The photocatalyst particles to be used in the present invention may be produced by any one of known 

nTrZium r c eXamP,e H there K are SeVera ' m9ttl0dS inCludi " 9 (1) 3 m6th0d comprising^rmi h dr Z 
ZLl ,t P ° Und SUCh 35 Btany ' SUI,3,e ' titanium chloride - « tanium alkoxides. and me like if 
k T'T 6 °' S88dS ' 0f nuCleati0n ' (2 > a mathod comprising neutralizing a titanium 
compound such as titanyl sulfate, titanium chloride, titanium alkoxides. and the like, by adding an alxaH 

p rr ,? see f h s ,or nuc,ea,ion - (3> a memod «^^^i2r«2s; 

iTt no ! « ? 8 6 ,n the V3p0r phaS9, 30(1 (4) 3 method comprising firing or hydrothermally 

treating the titanium ox.des produced by any one of the methods (1) and (2). Specifically thoseTS 
oxides obtained by the method (1) or by the hydrothermal treatment at temperatuTes oTioo-C o 5hTr 
are preferred because of their higher photocatalytic function. As used in the present temion me term 

titanium ox,des" ,s meant to indicate those so-called hydrated titanium oxide, hydrous Tim ox W T 
metatitanates orthotitanates. titanium hydroxide, besides titanium oxide, regardless of their ^ system 

J ' 9 ' u R 3nd *" 35 3 S9COnd component to be present inside the photocatalyst 
cornel. SZl * 9 * u rf 3c ° sthor «* <™ can employ a method comprising adding the metal and/or the 
1Z£T f! dUnn9 4,16 pr0duCt,on of *• P h °tccatalyst particles, or a method compristog " 

adding the metal and/or the compound to be adsorbed after the production of the photocataJyst paXes ! 
necessary, under heat, or if necessary, using reduction. ' moca ^ st P^cies, if 

The substrates to be used in the present invention include inorganic articles such as ceramics and 

jg^ 93 "', 0 artC ' eS . ^ 35 Pl3StiCS ' e,3St ° merS - ^codsjM ^hletir^etaiic aS^ 
SrS S!^^^ .forms of the substrates ^ 

critical. Everr-coated artJcfes-ma y be used : ' 

fl rt h i?Jf! Present 'T?" 0 "' " is pre,erred ttlat both 100 Photocatalyst particles and an adsorbent are 
adhered onto a substrate via the less degradative adhesive because there coexist an action ad^bml 

srrr to te used inc,ude 9enerai -*~ - - ^ = - 

nhnifH 011 !!' *2T t ° f PreSen, inV6nti0n - 3 fifSt l3y8r COnsistin fl °' 30 adhesive without containing any 
adhS S T. , ? Pr ° V,ded 00 3 SUbStr3,9> 3nd ^ 3 S9C0nd consisti "9 °' a laaa cfegradaSve 
no ohotLS •^ff VSt P3 T iC,eS 13 Pr0Vid0d 00 th9 firSt l3yer - 1,19 P rovisi0 " ° f fi«t layer contain ng 
2 P ££S «TT, en3bleS 3 ^ C0nn8Cti0n b9,W9en 0,9 substrat9 ^ second layer conSn ng 
the photocatelyst particles resulting in a firmer adhesion of the photocatalyst particles onto the substrate 
sustainable for a longer period of time. Moreover, the first layer should preferably contam ^SgaJc pSS 
having no photocatalytic function as filler. Such inorganic particles to be used include thosTof titantn 
oxides, siticon oxide, aluminum oxide, magnesium oxide and the like, th surfaces of wh!ch ™1 tTZ 
silicon oxide, aluminum oxide, or zirconium oxide. 

ohntlLl^^r co r p f B 3ccordin 9 to the present invention may be produced by disposing 
photocatalyst partcles and a less degradative adhesiv on at least a part of a substrate and then fixing 
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The present .nvenfor, will be illustrated below with reference to some examples 



25 



Example 1 



50 



55 



EP 0 633 064 A1 



10 



15 



Titanium oxides ~ ' " 

Florinated polymer (LUMIFRON LF200C, available from Asahi Glass Co Ltd ) 
Isocyanate based curing agent ' 

Toklene C ° UP,,n9 W (PUNEACT 338X ' avai,ab,e ,rom A i«nomoto Co., Inc.) 



9 80 grams 
0.80 gram 
0.16 gram 
1.00 gram 
23.60 ml 



driest 11S£ttiZ£Z£tt ^ COated h ° n * 9 ' aSS P ' a,e * 20 Cm ' - 
invention (Sample Tm s Samote a had TLw T™* * photoca ^ com P°^ of the present 

amount o/the ^ZttZZ^'SX?* * " % * ^ ^ °° * - 
Example 2 

By using the same titanium oxides as used in Examnl« 1 th« m;^,^ ~« 



20 



25 



30 



35 



Titanium oxides _ ' " — 

Florinated polymer (LUMIFRON LF200C, available from Asahi Glass Co Ltd ) 
Isocyanate based curing agent ' 

nSH C0UP " n9 39ent (PLANEACT 338X - availabte from Aj-nomoto Co., Inc.) 



7.64 grams 
2.36 gram 
0.47 gram 
0.76 gram 
22.50 ml 



The coating composition of the above formulation was coated on a alass oiate of ?n ,w . a «. 

i £12, CZ.°SUT" 01 70 ° n - - 

Example 3 
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Titanium oxides 

^°o2 anOSi,OXan9 based inor 9anic adhesive (a mixtutre of T2202A and 

S^"J£ of 3 : " avai,ab,e from Japan Synthetic Rubber Ltd > 



9.8 grams 
2.7 grams 

21.5 ml 



The coating composition of the above formulation was coated on a alass olate of 2>n rm* ^ - 
Example 4 
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Titanium oxides 

Polyorganosiloxan based inorganic adhesive (a mixture of T2202A and 
T2202B in a ratio of 3 : 1 , available from Japan Synthetic Rubber Co Ltd ) 
Isopropyl alcohol 



7.0 grams 
4.3 grams 

22.5 ml 



The coating composition of the above formulation was coated on a glass plate of 20 cm* and then 
dned at a temperature of 180-C for 10 minutes to produce a photocafc.yst composite of the present 

ZTZ^Tr " D> ' ™! ° h3d 3 titaniUm ° Xide of 80 % b V based o ^the tota 

amount of the titanium oxides and the less degradative adhesive. 

Comparative Example 1 

J* . 0XideS 33 " S6d in ^P' 8 1 ' me mixturos °< compositions indicated below 

cTpSSon m 3 h ° Ur t0 9ffeCt SUffiCiem mixin9 ' dispersed t0 P' oduc ° * mating 
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Titanium oxides 

Vinyl acetate-acryl copolymer (BONCOAT 6290, 
available from Oainippon Ink & Chemicals, Inc.) 
Water 



9.8 grams 
0.7 gram 

24.8 ml 



The coating composition of the above formulation was coated on a glass plate of 20 cm* and then 
dned at a temperature of 120'C for 10 minutes to produce a photocatalyst compose %Zie™) TOs 

SdT adJesive *** ° M °' 90 % by V °* Ume bM8d 00 "» ^ a ™ unt 

The photocatalyst composites obtained in Examples and Comparative Example (Samples A to E) were 

TfTSl? bl f T.* " Ul,raVi0,e, in,enSitV ° f 7 mWcm2 °" ^ Surface * "* sCle for 5 
itaM *S ph0t ^' ySt C ° mp0Sit9 WaS we '9 hed before ^d after the irradiation with the black 

TZ T J* We ' 9ht ' 0SS - * 3 reSU "' n ° wei9h * loss was observed for SamP'es A to D of Z 
££L T°H Catm9 00 decom P° si « on of *• adhesives. However, the Sampte E of the Comparative 
,T US ' n9 . any ,SSS adheSiV ° exhibi,ed a wei 9 ht ,oss * &5 % indicating tha^ost 

lerte? thTth^ TT^ * * pho,0catalv « c of titanium oxides. In addition, t wa 

Irilof i„ ,h !fr Ple ! T aS ye,l ° Wed 30(1 816 ,itanium oxide P*** 1 * 8 Partly released. The 
£?ff iZZXZZZ^n*. ^ Dh ° ,0Ca,a,ySt C ° mp0Si,e to *I "radiation with Z 
is shown L figi^ i ? T^lT a " d E ,rom Comparative Example 

1 ThaSampleS 3,1 from ^ples 1 and 2 contained the coupling agents which 

were adsorbed on the surfaces of the photocatalyst particles to bridge between the less degradative 

SZ JnL ph ° t0Catal f partiC,eS 50 th3t ,h9 pnotocate| y« Particles did not come into direS 22 
with the adhesive rendering the latter less decomposable. 

a r n .Sn 1 ,! aCh ° f the i ! amples A 10 0 °' •»» P rese "t 'mention was placed in a 3 liters glass vessel and 
£ 3 ^ r ° US COmp0nen, W3S added ,0 106 vessel to a concentration of 90 ppm and then 
IwcS^Z f ^ VeSSe ' ^ 6XP0Sed t0 3 mercurv ,amp at " '"tensity 0^;; 

rcSdthvl^ ^ ° f T* SamPl9 ,0f 60 minUt6S - Aft8r the irradiabon - 016 concentration of 
^h il^n « . 9 J 3SS V6SSel W3S me3SUred - 1,16 resu,ts « indicated Table 1. The Samples A to D 
achieved an efficient decomposition of acetaidehyde due to the photocatalytic function of titanium oxides 

Table 1 





Sample 


Concentration of 
acetaidehyde (ppm) 


Example 1 


A 


0.5 


Example 2 


B 


0.5 


Example 3 


C 


30.0 


Example 4 


C 


0.5 
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Example 5 



sJL7£t «? b/ th9rmal Mr0 ' ySiS ° f titanyl su,,ate < CS " C ' available from '^ihara 

Sangyo Kasha. Ltd.). there was added sodium hydroxide to adjust the pH to 7. followed by filtration 

of wh.te cement (available from Onoda Cement Co.. Ltd.) and 0.7 gram of water were mixed and the whote 
was coated on a glass plate of an area of 50 cm' and dried at room temperature to produce aXtocaTalS 

rr:: ? 9 :r, inven,ion (San,p,e * This sampie f had a *«*«» c5£!7F%5 

volume based on the total amount of the titanium oxides and the less degradative adhesive. 
Example 6 



JS 
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The same procedure as in Example 5. except that 0.8 gram of DENCA high alumina cement (Hi 

22?!"T ? . "f 6 ^ K0GY ° KK - > W3S emp ' 0y9d inS,ead °' the white ca ™'- wiZated to 
produce a pho tocatalyst composrte of the present invention (Sample G). This Sample G had a titanium 

Xsi?e " V °' Ume ^ ° n ,0tal am ° Unt °' 0,6 U,anium oxides and the less d i^afive 

Comparative Example 2 

1.0 gram of ttie same white cement as used in Example 5 and 0.7 gram of water were mixed and the 
whole was coated on a glass plate having a surface area of 50 cm' and dried to produce Sample K 

Comparative Example 3 

1.0 gram of the same DENCA high alumina cement as used in Example 6 and 0.7 gram of water were 
23.T 6 Wh °' e ^ C0a,6d 00 3 91388 p,ate havi "9 8 surfac ° — • ' 50 cm? JKJ ?SK 

s .nH!f Ch H° < w the . SamPleS F 10 ' fr0m Samples and Comparative Examples was placed in a 4 liters vessel 
(Tom^e «Lw Z U ?° n0Xi f e 938 W3S ^ int ° the V9S59, • Then ' 1,19 vesse ' — expos Jto he rays 
,S * 3 0let intenSity °' 1 mW/Cm2 ° n the surfaces of ^ch Sample and Z 

aZbTi gaSec^'^ 9 /^ V9SS f W3S measured with ,ime by means - a N0 * ^VlL 
availab e from GASTEC Co. Ltd.). The results are indicated in Table 2. The Samples F and G from 

SZSi T fT ! redUCti ° n in N0X 933 eventration, white the Samples H and I from 

^ZTS^rlZ V?i ^ ,iW9 Variati0n 10 N0X concentration. It has been found from Z 

n TnZT J" Pr !T ' nVenti0n iS ef,eCt,Ve ,0r removi "9 nitr °9 en "y oxidation 

* are ° n , n '" ma P 0c9du ' 9 » describ8d the weight of the cement in each of the Samples F and G 

SmSeTj^ WSi9ht 1088 ° f ^ —* N ° Wei9W ,0SS ~ ^rved Seating no 

Table 2 







Sample 


Concentration of NOx (ppm) after 


45 






0 min. 


10 min. 


20 min. 


30 min. 


50 


Example 5 
Example 6 
Comp. Example 2 
Comp. Example 3 


F 
G 
H 
1 


18.6 
13.5 
15.5 
13.5 


8.9 
0.3 
13.5 
13.2 


3.1 
0 
13.5 
10.6 


1.2 
0 
13.5 
10.6 



55 



Example 7 



^ T 9 COmposit ' on obtei "ed by repeating the procedure identical to that in Exampl 1 was 

hL **T h P r0dUC * 3 pho,ocata| y s, <* the present invention (Sample J? This Sample J 

had a utamum ox.de content of 90 % by volume based on the total amount of the titanium oxides and the 
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less degradative adhesive. 
Comparativ Example 4" 

5 The same acrylic plate as used in Example 7 was employed as Sample K. 

Each of the Samples J and K from the aforementioned Example and Comparative Example was on the 
inner walls of a 50 liters water bath. 45 liters of water and 20 goldfish (Wakin) were placed in the bath and 
irradiated externally with the light rays from two 20 W fluorescent lamps. 

After the goldfish was raised for two weeks, it was observed that algae were deposited on the surfaces 

10 of the Sample K from Comparative Example 4, while no deposition of aJgae was observed on the surfaces 
of the Sample J from Example 7. This is because even when algae were deposited on the surfaces of the 
Sample J from Example 7, they were immediately decomposed by the photocatalytic function. In the 
procedure as described above, the fluorinated polymer in the Sample J was measured for the weight loss. 
No weight loss was observed indicating no decomposition of the fluorinated polymer. 

75 

Example 8 

The same procedure as in Example 7 was repeated, except that a mixture of the composition indicated 
below was snaked in a paint shaker for one hour to effect sufficient mixing and dispersed to produce a 

20 coating composition which was all coated on a transparent acrylic plate by means of a spin coater (tOOO 
r.p.m. x 10 sec) and that the resulting transparent acrylic plate having a first layer consisting of the less 
degradative adhesive without any photocatalyst particles on the surface thereof was used as a substrate, to 
produce a photocatalyst of the present invention (Sample L). The content of titanium oxides, i.e. the 
photocatalyst particles in the second layer, of this Sample L was 90 % by volume based on the total 

25 amount of the titanium oxides and the less degradative adhesive. 



Titanium oxides having no photocatalytic function 


3.3 grams 


(CR-90, available from Ishihara Sangyo Kaisha, Ltd.) 




Florinated polymer (LUMIFRON LF200C, available 


5.5 grams 


from Asahi Glass Co., Ltd.) 




Isocyanate based curing agent 


1.1 grams 


Toluene 


20.7 ml 



35 Measurements of the weight loss of the adhesive used for Sample L in the aforementioned procedures 
revealed that there was found no weight change in Sample L of the present invention, and the adhesive was 
not degradated and the titanium oxide photocatalyst particles were not released from the substrate. The film 
strength of Sample L of Example 8 was 3H in terms of pencil hardness, which means that the photocatalyst 
particles were firmly adhered. Furthermore, the Sample L was placed in a flow of water and irradiated with 

40 the black light in such a manner that the superficial ultraviolet intensity was 2 mW/cm 2 for 3 weeks. 
However, there was observed no releasing of the titanium oxide photocatalyst particles from the substrate. 

Example 9 

45 The same procedure as in Example 1 was repeated, except that titanium oxide particles coated with a 
zinc compound were used instead of the titanium oxides, to produce a photocatalyst composite of the 
present invention (Sample M). The content of the photocatalyst titanium oxide particles coated with the zinc 
compound in this Sample M was 90 % by volume based on the totaJ amount of the photocatalyst particles 
and the less degradative adhesive. 

so The titanium oxide particles coated with the zinc compound were prepared as follows: 

Water and sodium hydroxide were added to a slurry of titanium oxide obtained by thermally hydrolyz- 
ing titanyl sulfate to form a slurry having a pH of 10 and 100 grams/liter expressed as TiCfc. This slurry was 
subjected to the hydrothermal treatment in an autoclave at 150' C for 5 hours and then neutralized with 
nitric acid, filtered and washed with water. To the resultant titanium oxide wet cake was added water to 

55 pr pare a slurry containing 100 grams/liter expr ssed as T1O2. To th resultant slurry was added 
hydrochloric acid to form the slurry having a pH of 4. To one liter of this slurry was dropwise added 7.2 ml 
of an aqueous 1 mol/iiter zinc chloride solution under stirring. Then, th slurry was neutralized with a 2N 
sodium hydroxide solution, filtered and washed with water. Thereafter, the resultant product was dried at 
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120*C for 16 hours and pulverized to form titanium oxide particles having a zinc compound carried thereon 
in a ZnO:Ti02 ratio of 1:99. 

Example 10 

5 

The same procedure as in Example 1 was repeated, except that titanium oxide particles coated with an 
iron compound were used instead of the titanium oxides, to produce a photocatalyst composite of the 
present invention (Sample N). The content of the photocatalyst titanium oxide particles coated with the zinc 
compound in this Sample N was 90 % by volume based on the total amount of the photocatalyst particles 
70 and the less degradative adhesive. 

The titanium oxide particles coated with the iron compound were prepared as follows: 

10 grams of titanium oxides obtained by hydrolysis under heat of titanyl sulfate were used to prepare a 
slurry of 100 grams/liter expressed as Ti02. 2.9 ml of an aqueous solution of ferric chloride (FeCb»6H 2 0) 
at concentration of 5 grams/liter were added to the slurry and stirring was continued for one hour. 
15 Thereafter a diluted aqueous ammonia was added to the slurry to adjust the pH to 7. After the slurry was 
stirred for one hour, the slurry was filtered, washed with water, and dried at a temperature of 1 10 * C for 3 
hours to yield titanium oxide particles coated with the iron compound. 

These titanium oxide particles had iron compounds thereon in an Fe/Ti02 ratio of 300 ppm. 

20 Example 11 

The same procedure as in Example 10 was repeated, except that the concentration of the aqueous 
solution of ferric chloride was 50 grams/liter, to produce a photocatalyst of the present invention (Sample 
O). The content of the photocatalyst titanium oxide particles coated with the iron compound in this Sample 
25 O was 90 % by volume based on the total amount of the photocatalyst particles and the less degradative 
adhesive. 

These titanium oxide particles had iron compounds thereon in an Fe/Ti02 ratio of 3000 ppm. 
Example 12 

30 

The same procedure as in Example 1 was repeated, except that 8.9 grams of T1O2 and 0.5 gram of 
active carbon were used, to prepare a photocatalyst composite according to the present invention (Sample 
P). The total amount of the titanium oxide and the active carbon of Sample P was 90 % by volume based 
on the total amount of the titanium oxide, active carbon and less degradative adhesive. 

35 

Example 13 

The same procedure as in Example 1 2 was repeated, except that the active carbon was placed with a 
zeolite in an amount of 0.8 gram, to prepare a photocatalyst composite according to the present invention 

40 (Sample Q). The total amount of the titamium oxide and the zeolite was 90 % by volume based on the total 
amount of the titanium oxide, zeolite and less degradative adhesive. 

Observation of the less degradative adhesive in each of Samples L to Q revealed that there was found 
no weight loss. In other words, the less degradative adhesive of Samples L to Q was not degraded, and the 
titanium oxide particles were not released from the substrate. 

45 Next, each of the Samples A, N and O of the present invention was placed in a 0.8 liter glass vessel 
and acetaldehyde as a malodorous component was added to the vessel to a concentration of 100 ppm and 
then the container was sealed. Then, the vessel was left to stand for 30 minutes and then irradiated with the 
black light at an ultraviolet intensity of 1 mW/cm 2 on the surfaces of each Sample for 60 minutes. After the 
irradiation, the concentration of acetaldehyde in the glass vessel was measured. The results are shown in 

50 Table 3. The Samples A N and O decomposed effectively the acetaldehyde due to the photocatalytic 
function of titanium oxides. 



55 
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Table 3 





Sample 


Concentration of 






acetaldehyde (ppm) 


Example 1 


A 


10.5 


Example 10 


N 


2.0 


Example 1 1 


0 


0.4 



Then, Samples M, P and Q were separately placed in respective 0.8-liter glass vessels. Malodorous 
methylmercaptan was added to the glass vessels in a concentration of about 500 ppm. Then, the vessels 
were sealed. Then, these vessels were left to stand for 2 hours without any irradiation with ultraviolet rays, 
and irradiated for 60 minutes with the black light in such a manner that the ultraviolet intensity on each of 
the samples was 1 mW/cm 2 . After the irradiation, the concentration of the methylmercaptan in the vessels 
was measured. The results are shown in Table 4. From Table 4, it is clear that the methylmercaptan was 
effectively removed due to the function of the photocatalyst particles of Samples M, P and Q. 

Table 4 





Sample 


Concentration of 






Methylmercaptan (ppm) 


Example 9 


M 


72 


Example 12 


P 


90 


Example 13 


Q 


125 



In the aforementioned examination, the concentration of the methylmercaptan in the vessels left to 
stand for 2 hours without irradiation with ultraviolet rays was 250 ppm for each of the samples. The 

30 concentration of metylmercaptan in the vessels left to stand for further one hour without irradiation with 
ultraviolet rays was 240 ppm for Samples M and Q and 220 ppm for Sample P. 

The photocatalyst composite of the present invention comprises a substrate having photocatalyst 
particles thereon via a less degradative adhesive, and causes very little decomposition and degradation of 
the adhesive owing to the photocatalytic function. The present invention enables long-term firm adhesion of 

35 photocatalyst particles onto any substrate without damaging the photocatalytic function. The utilization of 
the photocatalyst composite of the present invention allows effective and prompt removal of deleterious 
materials, malodorous materials, oily components, bacteria, actinomyces, fungi, algae and the like. There- 
fore, the photocatalyst composite is very useful as deodorant and sterilizer both at home and in industry. In 
addition, the photocatalyst composite of the present invention can be used for an extended period of time. 

40 has a high degree of safety, finds applicability to a wide variety of deleterious materials, and is disposable 
without polluting the environment. Thus, it is very useful in industry. In the process for producing the 
photocatalyst composite according to the present invention, the use of fluorinated polymers as less 
degradative adhesives enables production of preferred photocatalyst composites, the surfaces of which 
have a lesser tendency to adsorb dust and contaminants due to weak sticking power of the fluorinated 

45 polymers. 

The process for producing the photocatalyst composite according to the present invention is a useful 
process which can employ any materials such as plastics as substrate and produce conveniently and easily 
consistent quality photocatalyst composites. 

The coating composition of the present invention can be coated or sprayed onto substrates of any form 
so or desired sites thereof, and allows the ready utilizing of the photocatalytic function. Thus, particularly it is 
useful for domestic applications. 

Claims 

55 1. A photocatalyst composite comprising a substrate having photocatalyst particles adhered thereon via a 
less degradativ adhesive. 
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2. A photocatalyst composite comprising a substrate having photocatalyst particles and an adsorbent 
thereon via a less degradative adhesive. 

3. The photocatalyst composite according to Claim 1, wherein on the substrate is provided a first layer 
comprising an adhesive without containing any photocatalyst particles and further on said first layer is 
provided a second layer comprising the less degradative adhesive and the photocatalyst particles. 

4. The photocatalyst composite according to Claim 3, wherein the adhesive of said first layer is a less 
degradative adhesive. 

5. The photocatalyst composite according to Claim 3, wherein said first layer consists of a less 
degradative adhesive and inorganic particles. 

6. The photocatalyst composite according to Claim 1, wherein the amount of said photocatalyst particles 
is in the range of 5 to 98 % by volume based on the total amount of said photocatalyst particles and 
said less degradative adhesive. 

7. The photocatalyst composite according to Claim 1. wherein said less degradative adhesive is one or 
more polymers selected from the group consisting of a fluorinated polymer and a silicone based 
polymer. 

8. The photocatalyst composite according to Claim 7, wherein the fluorinated polymer comprises primarily 
a copolymer of a vinyl ether and/or a vinyl ester and a fluoroolefin. 

9. The photocatalyst composite according to Claim 1, wherein said less degradative adhesive is an 
inorganic adhesive. 

10. The photocatalyst composite according to Claim 9, wherein said inorganic adhesive is cement. 

11. The photocatalyst composite according to Claim 1. wherein said photocatalyst particles are of titanium' 
oxide. 

12. The photocatalyst composite according to Claim 1, wherein said photocatalyst particles contain at least 
one selected from the group consisting of metals and metal compounds of V, Fe, Co, Ni, Cu, Zn, Ru, 
Rh, Pd, Ag, Pt and Au as a second component inside said photocatalyst particles and/or on the 
surfaces thereof. 

13. A process for producing a photocatalyst composite comprising the steps of disposing photocatalyst 
particles and a less degradative adhesive on a substrate, and then fixing said adhesive to adhere said 
photocatalyst particles on said substrate with said less degradative adhesive. 

14. The process for producing a photocatalyst composite according to Claim 13, wherein the disposing of 
said photocatalyst particles and said less degradative adhesive is accomplished by coating or spraying 
a coating composition consisting of a dispersion of said photocatalyst particles and said less deg- 
radative adhesive in a solvent on said substrate. 

15. A process for producing a photocatalyst composite, which comprises the steps of providing a first layer 
of an adhesive free from photocatalyst particles on a substrate by coating said substrate with said 
adhesive and fixing said adhesive onto said substrate, and then providing a second layer comprising a 
less degradative adhesive and the photocatalyst particles on said first layer by disposing said less 
degradative adhesive and said photocatalyst particles on said first layer and then fixing said adhesive 
and photocatalyst particles on said first layer. 

16. A coating composition comprising a dispersion of photocatalyst particles and a less degradative 
adh sive in a solvent. 

17. A coating composition comprising a dispersion of photocatalyst particles, a less degradativ adhesive 
and a coupling agent in a solvent 
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18. The coating composition according to Claim 16 or 17, wherein the amount of said photocatalyst 
particles is in the range of 5 to 98 % by volume based on the total amount of said photocataJyst 
particles and said less degradative adhesive. 

5 19. The coating composition according to Claim 16 or 17, wherein the amount of said photocatalyst 
particles is in the range of 20 to 98 % by volume based on the total amount of said photocatalyst 
particles and said less degradative adhesive. 

20. The coating composition according to Claim 16 or 17, wherein said less degradative adhesive is one or 
io more polymers selected from the group consisting of a fluorinated polymer and a silicone based 
polymer. 
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